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Rock Mass Classification Tables

Appendix B

4 UOIyM LoguLIcjl Jegiry AuAddns pinoys 1siBojoed ey [ — o e way) ‘oS g5
- g woy) e ‘aqng z18
pa— Pog— way) ‘opg o
VIVG IVNOLLIGOV GNV SNGWAIY 1VHIN3D NOILO3uId SNOILVINIIHO did GNV 3XId1S
"SUCRIRUBLO pUB ‘eNiBy ‘Aieoo) Jeul Buipeds spioj pus syney Jofww equoseg | - - ‘eBuay
e e e wz> ‘o500 Lo
........ - ¥i-ue 9500
.......... vet ‘opesepop
.......... »ore ‘oM
.......... 40180 ‘oM oA
gleg zies Lies
'ST104 HO SLINV3 HOrvIN SSILINNLINOJSIA 40 DNIOVIS
AOURBIBUOY [ e gty - 0Sh o) Kiep
ey | 000’8 - 000'F Moy (eunssexd
‘6dAy 000°91 - 000°8 ‘wnpep | Yy Jo wapew ‘Mol Jepun Bumoy Jo BuiddLp Yem
T 000'2€ - 000'9) YO | "dusep ‘Ap Aeeiduos) SNOLLIGNOO TYHINID
(39n00) BN | oo 0002 J8r0 4By Aiop 0
18d ‘ybuens pbue) jeuurg jo
1580803 P RIS Nssudwoo ey [ e et U 000't Jd MOTJNI
1360%NS POOWS
‘seoupns ybnos Apubys IVIBILVA WO0U 1OV.NI 30 HIONIHIS HILVMONNOES
ssoupns Ynoy
seonpne yBnos Kiep
.................. u* 5
SSINHONOY A 0 %52 > uood Kep
yreem ANBIH %09 62 uoogd
1 ebuey panigeem A n %S4 05 ey
w§oro ‘8ujof uedo Apybes %08 -SL ‘poop
W 10100 inuiof uedo Aevesepopy P 1 %004-08 Juegesx3
100> ‘ol L
S3IINNLLNOOSIA 40 ¥00d TIVM "GO0 § ALNVNO 3500 11164
NOLLYYYd3S
yoe < by
uoe-ol ‘wnpeyy s omq
Holt Mo us :4q peionpuod
ve> mo| Kiep ng heams jo oy
ws eloud jo swey
€IS 2wg  Lieg ALINNLLNOO ON
S3ULINNLLNGISIA 30 NOLLIGNOD NISIH0 ONV 3dAL 00T 'NOID3Y HNLONGLS

SICSVN HOOH JO NOLLYDIHISSYIO SOINVHOINOID :LIIHSHHOM VAVA 1NdNI NOLLYDMISSYID

waisAs uoneoj}Isseld (HNH) Sojueyoawoan ay) 10} 198ys eleq induj
1-g 9iqeL

B-1




EM 1110-1-2908
30 Nov 94

Table B-2
Geomechanics Classification of Jointed Rock Masses

A CLASSIFICATION PARAMETERS ANO THEIR RATINGS

PARAMETER RANGES Of vaLUES
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Reting 15 2 ? 4 2 1 ]
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G C y ary Osmo Wet Oripping Flowng
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Retngs Foundasone ] -2 -7 -1$ -25
Siopes [} -5 -23 -0 40
€. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rekng 100~ @1 8061 60 o—a1 40n—31 <2
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Oescnonon Very good rock Good rock F oo rock Poor rock Very poor coc
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Frichon angie of the rock mass > 45° 35° - 45° 25° - 35° 15° - 25° <18




EM 1110-1-2908
30 Nov 94

Table B-3

Summary of Joint Orientation Adjustments for Dam Foundations and Tunnels

A. Assessment of joint orientation favourability
upon stability of dam foundations

pip 10° - 30°

Dip
0° - 10° Dip direction

Dip Dip
30° - 60° 60° - 90°

Upstream Downstream

Very favourable | Unfavourable

Fair

Favourable | Very unfavourable

B. The effect of joint strike and dip
orientations in tunneling

Strike Perpendiculsr to Tunnel Axis

Drive with Dip Drive apainst Dip.
Dip &5°- Dip 200450 Dip 45°-90" Dip 20°-4S°
Very Favorable Fair Unfavorable
favorable
Dip
Strike Parallel 0°-20°
to Tunnel Axis -Irrespective
Dip 45°-90° Dip 20°-45° of Strike
Very Fair Fair
uafavorable

B-3
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Table B-4
Q-System: Description and Ratings for the RQD, J,,, J,, J,, and J,, Parameters (from Barton, Lien and
Lunde 1974)
Rock Quality Designation (RQD)
Very POOTr.ceeecensnnncnna 0-25 Note:
POOL . e e eenenncannceaennnn 25-50 (i) Where RQD is reported or
. measured as < 10 (including
Fair....oooceorencneeens 50-75 0) a nominal value of 10 is
GOOd. o cvveerienneennnnnnan 75-90 used to evaluate Q in
Excellent................ 90-100 Eq. (1).

Massive, no or fev joints
One Joint set............
One joint set plus random
Two joint sets...........
Twvo joint sets plus

Three Joint sets.........
Three Joint sets plus

Four or more joint sets,
random, heavily Jjointed,
"sugar cube', etc........

Crushed rock, earthlike..

(a) Rock wall contact and
(b) Rock wall contact
before 10 cms shear

Discontinuous Jjoints.....

Rough or irregular,
undulating........... [

Smooth, undulating.......
Slickensided, undulating
Rough or irregular,

Slickensided, planar.....

(c) No rock wall contact
when sheared

Zone containing cley
minerals thick enough to
prevent rock wall contact

Sandy, gravelly or
crushed zone thick enough
to prevent rock wall
contBCt...viiieniiitnnann

(ii)

Joint Set Number (Jn)

0.5-1.0 Note:
2 (i)
3
4 (1i)
6
9
12
15
20
Joint Roughness Number (Jr)
Note:
(i)
L
Note:
1.5 (ii)
1.5
1.0
0.5 (iii)

1.0 {(nominal)

1.0 (nominal)

(Continued)

RQD intervals of S, i.e.
100, 95, 90 etc. are
sufficiently accurate.

For intersections use
(3.0 xJ)

For portals use
(2.0 x Jn)

Add 1.0 if the mean spacing
of the relevant joint set
is greater than 3 m.

JE = 0.5 can be used fecr
planar slickensided joints
having lineation, provided
the lineations are

favorably orientated.

Descriptions B tc G refer
to small scale features
and intermediate scale
features, in that order.

B-4
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Table B-4. (Continued)

Joint Alteration Number

3,) ¢, (approx.)
(a)} Rock wall contact

A. Tightly healed, hard, nonsoftening,
impermeable filling i.e. quartz or
epidote........... eereeeceenaanns . 0.75 ()

B. Unaltered joint walls, surface
staining only............... PN 1.0 (25°-35°)

C. Slightly altered joint walls. Non-
softening mineral coatings, sandy
particles, clay-free disintegrated
TOCK €8C..ereaerecenancannnnncccnns 2.0 (25°-30°)

D. Silty-, or sandy-clay coatings,
small clay-fraction (non-softening) 3.0 (20°-25°)

E. Softening or lowv friction clay
mineral coatings, i.e. kaclinite,
mica. Also chlorite, talc, gypsum
and graphite etc., and small
quantities of swelling clays.
(Discontinuous coatings, 1-2 mm or
less in thickness)....cveuveeecann- L.o (8°-16°)

(b) Rock wall contact before 10 cms
shear

F. Sandy particles, clay-free
disintegrated rock etC.......coc-un L.0 (25°-30°)

G. Strongly over-consclidated, non-
scftening clay mineral fillings
(Continuous, <5 mm in thicknes).... 6.0 (16°-24°)

H. Medium or low over-consolidation,
softening, clay mineral fillings.
(continuous, <5 mm in thickness)... 8.0 (12°-16°)

J. ©Swvelling clay fillings, i.e.
montmorillonite (Continuous,
<S5 mm in thicknes). Value of J
depends on percent of svelling
clay-size particles, and access
tO WBter €£C....cccieciacacananann 8.0-12.0 (6°-12°)

(c) Ko rock wall contact when
sheared

K., Zones or bands of disintegrated or
L., crushed rock and clay {see G., H., 6.c, 8.0
M. J. for description of clay cr
condition).....c.ciiiiiiiiiiinaann 8.0-12.0 (6°-24°)

N. Zones or bands of silty- or sandy
clay, small clay fraction
(nonsoftening).......covcveecncncnn 5.0

0., Thick, continuous zones or bands of 10.0, 13.0 (6°-2L°)
P., clay (see G., H., J. for or
R. description cf clay condition)..... 13.0-20.0

Note:

(i) Values of (4), are intended as an approximate
guide to the mineralogical properties of the
alteration products, if present.

(Continued)
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Table B-4. (Concluded)

Stress Reduction Factor

(a) VWeakness zones intersecting excavation,
vhich may cause loosening of rock mass vhen
tunnel is excavated.

Multiple occurrences of weakness gones contain-
ing clay or chemically disintegrated rock, very
loose surrounding rock (any depth).............

Single weakness zones coaotaining clay, or
chemically disintegrated rock (depth of excava-
tion <50 m)......... tesereceeneattecateaneannas

Single, veakness zones containing clay, or
chemically disintegrated rock (depth of excava-
tion >S50 m)....counnn.. cscecas teraeeneananaean .

Multiple shear zones in competent rock (clay
free), loose surrounding rock (eny depth)......

Single shear ones in competent rock (clay
free) {(depth of excavation <50 m)......ccuenn..

Single shear obes in competent rock (clay
free) (depth of excavation >50 m).......ccunuu..

Loose open joints, heavily Jointed or "sugar
cube” etc. (any depth)......ceenvn.... PR

{b) Competent rock, rock stress problems.

o':lc:l1 °t./°1
Lov stress, near surface.. >200 >13
Medium stress............. 200-10 13-0.66

High stress, very tight
structure (Usually favor-
able to stability, may
be unfavorable to wvall

stability)..ccoceivennnnnn 10-5 0.66-0.33
Mild rock burst (messive
rock)..... ceetesssscirrans 5-2.5 0.33-0.16

Heavy rock burst (massive
rock).eeneeenanns censsenen <2.5 <0.16

(c) Squeezing rock; plastic flov of incompetent
rock under the influence of high rock
pressures.

Mild squeezing rock pressure..

Heavy squeering rock pressure...

(4) Swvelling rock; chemical svelling activity
depending oo presence of water

Mild swvelling rock pressure..

Heavy swvelling rock pressure.............

Joint Water Reductjon Factor

Dry excavations or minor inflowv, {.e. S l/mic.
lOCALLlY.ccevracecrcrcscrsrsatcccnccrcnccannsossns

Medium inflov or pressure occasional outvash
of Joint f1llingS....cceveeecenann ceecenens

Large inflov or high pressure in competent rock
with unfilled JOINtS.....cccvnevcncccncncncas .

Large inflov or high pressure, consideradle
outwvash of Joint fillings.......cccun. csetroes

Exceptionally high inflov or water pressure a:
blasting, decaying with time........0oc000ennnn-

Exceptionally high inflow or vater pressure
continuing vithout noticeable decay............

(SRF)

10.0

7.5
5.0
2.5

5.0

2.5
1.0

0.5-2.0
5-10

10-20

5-10
10-20

5-10
10-15

)
1.0

0.66

0.2-0.1

0.1-0.05

Approx. wvater

press

(xg/cu®)
<1
1.0-2.5
2.5-10.0
2.5-10.0
>10.0

>10.0

Note:

(1)

(11)

(141)

Note:

(1)

(11)

Reduce these values
of SRF by 25-50% if
the relevant shear
zones only influence
but do not intersect
the excavation.

For strongly eniso-
tropic stress field
(ir Iensured): vhea
5<0,/0y <10, re-
duce °c und 0, to
0.8 o, and 0.8 oy
vhen o'/a > 10, re-
duce o¢c and o¢ to
0.6 o. and 0.6 o
vhere: o, = uncon-
fined compression
strength, o, =
tensile strength
(point load), o, and
0y = major and minor
principal stresses.

Fev case records
svailadble vhere depth
of crovn belov surface
i{s less than span
vidth. Suggest SRF
increase from 2.5 to S
for such cases (see H).

Factors C to F are
crude estimates. In-
crease J, if drainage
measures are installed.
Special prodblems csused

by ice formation are
not considered.




